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Prescribing Comfortable Prisms to Individuals with Binocular Single
Vision to Optimize Stereopsis
Abstract
Objective: The purpose of the current study was to investigate whether prisms that are selected by participants
minimize binocular blur, increase visual comfort, and yield better stereoacuity. We also investigated whether
fixation disparity (FD) and associated phoria are the only reason for the increased stereothreshold in
individuals with binocular single vision.
Methods: Two groups of participants (14 males, 16 females; age 19-53 years old, mean 26.17±5.65 SD)
without strabismus, amblyopia, or suppression were included in the study. Their imperfect stereoacuity (i.e.,
induced by sphere lenses) was measured without and with prisms. The prisms were obtained with associated
phorometry (associated vergence) technique that takes into account the visual comfort and binocular blur
(clarity) reported by the participants. In group A, stereoacuity of 13 participants with artificially-reduced
stereoacuity (i.e., 16 seconds of arc or worse) were measured without and with prism corrections at near (40
cm) using the Randot 3 with Lea
Symbols® Stereoacuity Test (Randot 3 test). Similarly, in group B, stereoacuity of 16 participants with
artificially-reduced stereoacuity were measured at near without prisms (known to the participant), with
placebo correction (without prisms unknown to the participant), and with prisms, respectively, using Randot
3 test. FD was measured without and with prisms. 28 participants in group A and B were tested by a Saladin
card, 22 of whom were also tested by a Sheedy disparometer. For far stereoacuity, degraded stereoacuity (36
seconds of arc or worse) was simulated in group B (17 participants) and their stereoacuity and associated
phoria were measured at far without prisms using the Lea Symbols® Stereo test (Lea stereo test) and Nonius
cross target test, respectively. Their far stereoacuity with prisms was measured with Lea stereo test.
Results: near stereoacuity with prism in group A improved significantly (Wilcoxon’s Z = -2.11, p = 0.035)
when it was compared with baseline stereoacuity without prism. In group B, near stereoacuity with prism was
significantly better than stereoacuity with placebo (Wilcoxon’s Z = -2.93, p = 0.003) and baseline stereoacuity
without prism (Wilcoxon’s Z = -3.40, p = 0.001). The distribution of baseline stereoacuity between group A
and B was not significant (Kolmogorov–Smirnov z= 0.682, p=0.74). The stereoacuity with prism in group A
and stereoacuity with placebo in group B did not differ significantly (Mann -Whitney U= 81, p = 0.329).
There was not a significant correlation between FD and stereoacuity at near. The results of FD (i.e., measured
by Saladin card and Sheedy disparometer) showed that prisms reduced FD significantly (mean difference=
-0.689 ± 1.46 SD, P=0.019) and (Mean difference = -2.36 ± 3.29 SD, P=0.003), respectively. For far
stereoacuity, the improvement of stereoacuity with prism was significant (Wilcoxon’s Z = -2.36, p = 0.018)
compared with baseline stereoacuity. Associated phoria and far stereoacuity were not significantly correlated
(r=0.004, p=0.98). Moreover, the median of comfortable prisms (prism correction) was significantly greater
than the median of associated phoria (Wilcoxon’s Z = -2.60, p = 0.009).
Conclusion: We suggest that comfortable prisms (i.e., selected by individuals) can improve near and far
stereoacuities, although this was not supported when we compared group A with group B. It is possible that a
practice effect (vergence adaptation) confounded our results. Moreover, the large differences in stereoacuity
without prism that could not be controlled between both groups might explain the absence of significant
differences between group A and B. Our findings also indicate that stereoacuity is not correlated with FD nor
associated phoria. Thus, we propose that vergence variability or/and the conflict between vergence and
This thesis is available at CommonKnowledge: http://commons.pacificu.edu/opt/13
accommodation systems are involved in stereoacuity. Further studies are needed to avoid our confounders
and to confirm our suggestions.
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Abstract 
 
Objective: The purpose of the current study was to investigate whether prisms that are selected by 
participants minimize binocular blur, increase visual comfort, and yield better stereoacuity. We 
also investigated whether fixation disparity (FD) and associated phoria are the only reason for the 
increased stereothreshold in individuals with binocular single vision.  
Methods: Two groups of participants (14 males, 16 females; age 19-53 years old, mean 26.17±5.65 
SD) without strabismus, amblyopia, or suppression were included in the study. Their imperfect 
stereoacuity (i.e., induced by sphere lenses) was measured without and with prisms. The prisms 
were obtained with associated phorometry (associated vergence) technique that takes into account 
the visual comfort and binocular blur (clarity) reported by the participants. In group A, stereoacuity 
of 13 participants with artificially-reduced stereoacuity (i.e., 16 seconds of arc or worse) were 
measured without and with prism corrections at near (40 cm) using the Randot 3 with Lea 
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Symbols® Stereoacuity Test (Randot 3 test). Similarly, in group B, stereoacuity of 16 participants 
with artificially-reduced stereoacuity were measured at near without prisms (known to the 
participant), with placebo correction (without prisms unknown to the participant), and with prisms, 
respectively, using Randot 3 test. FD was measured without and with prisms. 28 participants in 
group A and B were tested by a Saladin card, 22 of whom were also tested by a Sheedy 
disparometer. For far stereoacuity, degraded stereoacuity (36 seconds of arc or worse) was 
simulated in group B (17 participants) and their stereoacuity and associated phoria were measured 
at far without prisms using the Lea Symbols® Stereo test (Lea stereo test) and Nonius cross target 
test, respectively. Their far stereoacuity with prisms was measured with Lea stereo test.  
Results: near stereoacuity with prism in group A improved significantly (Wilcoxon’s Z = -2.11, p 
= 0.035) when it was compared with baseline stereoacuity without prism. In group B, near 
stereoacuity with prism was significantly better than stereoacuity with placebo (Wilcoxon’s Z = -
2.93, p = 0.003) and baseline stereoacuity without prism (Wilcoxon’s Z = -3.40, p = 0.001). The 
distribution of baseline stereoacuity between group A and B was not significant (Kolmogorov–
Smirnov z= 0.682, p=0.74). The stereoacuity with prism in group A and stereoacuity with placebo 
in group B did not differ significantly (Mann -Whitney U= 81, p = 0.329). There was not a 
significant correlation between FD and stereoacuity at near. The results of FD (i.e., measured by 
Saladin card and Sheedy disparometer) showed that prisms reduced FD significantly (mean 
difference= -0.689 ± 1.46 SD, P=0.019) and (Mean difference = -2.36 ± 3.29 SD, P=0.003), 
respectively. For far stereoacuity, the improvement of stereoacuity with prism was significant 
(Wilcoxon’s Z = -2.36, p = 0.018) compared with baseline stereoacuity. Associated phoria and far 
stereoacuity were not significantly correlated (r=0.004, p=0.98).  Moreover, the median of 
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comfortable prisms (prism correction) was significantly greater than the median of associated 
phoria (Wilcoxon’s Z = -2.60, p = 0.009).  
Conclusion: We suggest that comfortable prisms (i.e., selected by individuals) can improve near 
and far stereoacuities, although this was not supported when we compared group A with group B. 
It is possible that a practice effect (vergence adaptation) confounded our results. Moreover, the 
large differences in stereoacuity without prism that could not be controlled between both groups 
might explain the absence of significant differences between group A and B. Our findings also 
indicate that stereoacuity is not correlated with FD nor associated phoria. Thus, we propose that 
vergence variability or/and the conflict between vergence and accommodation systems are 
involved in stereoacuity. Further studies are needed to avoid our confounders and to confirm our 
suggestions. 
 
Key words: Visual Stress, Fixation Disparity, Stereopsis, Stereoacuity, Prism., Associated 
Phoria. 
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Introduction 
 
Fixation Disparity: 
 
Fixation disparity (FD) is characterized by a small deviation of the eyes under binocular 
viewing conditions. It is referred as eso-FD (convergent fixation disparity) and exo FD (divergent 
fixation disparity) where the visual axes of the eyes intersect in front of or behind the fixation 
point, respectively.1 It was described by Ogle, Dyer and Martens in 1940s. 2 Nevertheless, 
Hofmann and Bielschowsky were believed to be the first scientists who experimentally explained 
the FD according to Palmer Et al. 3  
FD preserves binocular single vision since its deviation is within the Panum’s fusional 
areas. It is usually less than 6 minutes of arc (arc min) horizontally; however, it could reach 30 arc 
min.4 Further, FD is reported to reach 60 arc min without causing double vision when it is 
measured objectively. 5  
It is showed that the amount of FD is smallest when the target of regard is placed close to 
the intersection of the visual axes that is found under a dark condition, the dark vergence.6 If the 
vergence stimulus and the vergence response are equally matched, FD is zero (ortho FD). In other 
words, FD is zero when the visual axes coincide with the fixation point.7,8 The term “associated 
phoria” is the minimum amount of prism (or aligning prism) that correct FD, whereas dissociated 
phoria, or heterophoria, is a small misalignment of the eyes under monocular viewing conditions 
(no fusable contours).9 
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Effect of Fixation Disparity on the Visual System: 
 
 There are two theories that describe the function of FD on the visual system. The first 
theory was explained by Ogle. He stated that FD is one of the binocular vision anomalies that 
results from a stress on the vergence system. He explained that the magnitude of the FD is 
positively correlated with the magnitude of the visual stress. Therefore, he believed that FD should 
be corrected in order to reduce the stress on the vergence system. In the second theory, Schor stated 
that FD is essential, purposeful, to stimulate the vergence innervations to keep the fusional 
vergence system in check. Thus, he believed that it is not necessary to correct FD. 10,11,12 More 
controversially, it has been reported that asthenopia could be attributed to large fixation disparities. 
Moreover, decompensated heterophoria is shown to be present in all patients with FD. 13 
 
Asthenopia in Relation to Fixation Disparity (or Associated Phoria): 
 
Heterophoria in relation to FD and asthenopia has been well documented.  A study, for 
example, showed that heterophoria is not strongly correlated between patients with symptoms and 
patients with FD. 14 Interestingly, the symptomatic patients were found to correlate highly with 
higher magnitude of FD. 14 This finding agrees with a previous study suggesting that FD is a good 
indicator of decompensated heterophoria compared with the magnitude of heterophoria. 15,16 
Asthenopia is also found to be associated with near associated phoria (amount of prisms 
that bring FD to zero), obtained by the Mallett test. However, a different study showed that far 
associated phoria obtained by the Mallett test is not useful in revealing decompensated 
heterophoria. The Mallett test is estimated to have a sensitivity of 75% and specificity of 78% 
when it is used to reveal symptomatic heterophoria in pre-presbyopes. 17 As a result, it is believed 
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that both associated phoria and FD are good indicators of decompensated phoria compared with 
the heterophoria when they are measured at near. 18  
Symptoms of decompensated heterophoria fall into three categories: (1) binocular 
difficulties (e.g., uncomfortable with binocular viewing, decreased stereopsis, etc.), (2) visual 
symptoms (e.g., diplopia, etc.), and (3) asthenopia (e.g., aching eyes, headache, etc.). 19 
Furthermore, several studies have showed that symptomatic patients with FD might have reduced 
binocular visual acuity, reduced reading speed, increased contrast sensitivity thresholds, reduced 
stereoacuity, and decreased binocular cortical responses. 20 These symptoms are found to get worse 
under a variety of visual stresses, which are the inability of the accommodation and vergence 
systems to fully cope with visual stimuli, including (1) early presbyopia, (2) prolonged use of the 
eyes, (3) monocular blur, (4) performing visual tasks at a close distance, (5) inaccurately dispensed 
spectacles, (6) uncorrected refractive errors, (7) prismatic effect, (8) low illumination, and (9) 
tiredness. 21, 22, 23 
Heterophoria is suggested to be compensated when two criteria are met: (1) Sheard's 
criterion that states that the fusional reserve should be at least twice the opposing size of phoria. 24 
(2) Percival's criterion which states that the the greater horizontal fusional reserve should not be 
more than twice the smaller horizontal fusional reserve.25 Sheedy and Saladin (1977, 1978) 
demonstrated that Sheard’s criterion is most predictive of comfort in exophores, and Percival’s 
criterion is most predictive in esophores.15 
Asthenopia does not always occur in the presence of the decompensated heterophoria. 
Besides that, decompensated heterophoria might exist without any symptoms. This could be 
attributed to a sensory adaptation (e.g., foveal suppression in one eye), examining patients with 
4 
 
inaccurate refractive correction, or absence of demanding visual tasks. Accordingly, it is incorrect 
to refer the decompensated heterophoria as a symptomatic heterophoria.26  
Direction of Fixation Disparity: 
 
It has been shown that the direction and the amount of FD might be different from the 
direction and amount of the dissociated phoria. For example, it is found that the direction of so-
FD is opposite to the direction of exophoria only when the amount of exophoria is small, while it 
always has the same direction of esophoria, irrespective of the magnitude of heterophoria. In 
addition, it is found that the amount of Exo-FD is not associated with the amount of exophoria 
when the fixation point is at distance, unlike the amount of eso-FD which is positively correlated 
with the amount of esophoria at distance. Nevertheless, when the target is at near, the amounts of 
exo- and eso-FD are shown to be positively correlated with amounts of exophoria and esophoria, 
respectively. 27, 28, 3 
 
Fixation Disparity and Panum’s Fusional Area: 
 
To correct FD, it is important to understand its relationship with Panum’s Fusional Area 
(PFA) and horopter. PFA is the retinal elements (points) of one eye that correspond to the other 
retinal elements of the other eye resulting in the same subjective visual direction, binocular single 
vision. In other words, PFA is the stimulated retinal areas (elements) of both eyes that result in a 
single binocular vision.29 The counterpart of PFA is Panum’s Fusional Space (PFS) which is the 
space that surrounds the horopter (i.e., the locus of all object points that are formed on retinal 
corresponding points of the eyes). Thus, objects that are located within PFS will be perceived 
singly. On the other hand, objects that are located outside the PFS will be perceived double since 
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the images of the objects are not fallen within the PFA. In such case, it is called physiological 
diplopia.30 
Fixation Disparity Tests: 
 
FD can be measured using either motor approach or sensory approach. The difference 
between the approaches is that the sensory approach measures FD without inducing an extra 
fusional demand, whereas the motor approach determines the FD while inducing known amounts 
of prisms. The latter case is more common in the US and is also called forced vergence approach 
or fixation disparity curve (FDC) test. 31 Moreover, FD can be measured subjectively (e.g., the 
Woolf card, the Wesson card, the Sheedy disparometer, the Saladin near point balance test, etc.) 
12,30 and objectively 32, 33 (e.g., scleral search coil technique, a video camera based eye tracker, etc.). 
34   Clinical measurements of FD are almost exclusively subjective.  
Subjective FD tests usually use two separate, dichoptic, lines, each of which is seen 
monocularly. In addition to that, a third target, fusional lock, is added and is seen binocularly. 
Tests that utilize the monocular Nonius lines within the central fusional lock include the Sheedy 
disparometer, Wesson Card, and Saladin card. 35 
It is found that FD is larger when the fusional lock is displaced from the central visual field 
to the peripheral visual field. 36 The reasoning behind this increase is explained by the fact that 
Panum's fusional area is larger at the peripheral visual field compared with the central visual field. 
36 However, a study showed that FD decreases by 1.5 to 3 times when it is simultaneously measured 
with central and peripheral fusion locks compared with only peripheral fusional lock.37,38 
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Fixation Disparity Curves: 
 
Subjective FD tests can be performed under a series of prismatic powers, originally 
introduced by Ogle, to plot FDC. Base-out prisms (BO) are added to induce convergence where 
excessive BO prisms increase an exo-FD, whereas base-in prisms (BI) are used to induce 
divergence where excessive BI prisms increases an eso-FD.7 The graphical components of the FDC 
include y-axis and x-axis which represent the value of FD (i.e., in minutes of arc) and the value of 
prisms in prism diopters (p.d), respectively. In addition, y-intercept and x-intercept represent the 
value of FD without prisms and associated phoria, respectively.12 The relationship between x-axis, 
the amount of prisms, and y-axis, the value of FD, are plotted by a sigmoid curve that represent 
the FDC. The flattest part of FDC represents the center of symmetry, whereas its slope at the center 
of the sigmoid shape demonstrates the effect of BI and BO prisms on the fixation disparity (e.g., a 
steeper slope indicates a poor prism adaptation).39, 32 
FDC can also be plotted using sphere lenses because they change the status of 
accommodation which is well known to play a significant role in the vergence system where AC/A 
ratio (i.e., ratio of accommodative convergence to the stimulus to accommodation) is positively 
correlated.40 Further, it is well known that stimulating accommodation with negative lenses 
increases eso-FD (or decreases exo-FD), whereas positive lenses which relax accommodation 
decrease eso-FD (or increases exo-FD). Nevertheless, Schor suggested FD that is induced by 
sphere lenses might decrease due to accommodative adaptation. 32 
Ogle et al. classified the FDC into four types on the basis of its shape (Fig. 1). Type 1 FD 
is the most common type among the others where its prevalence is 60%.7 Patients with this type 
equally adapt to BO and BI resulting in a sigmoid curve. In type 2, the adaptation to BO is more 
than BI; therefore, the lower portion of the sigmoid curve is absent. In other words, excessive BO 
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exhibit a small exo-FD. In type 3, the adaptation to BI is more than BO resulting in an absence of 
the upper portion of the sigmoid curve. In type 4, inducing BO and BI has a minor effect on the 
amount of FD (i.e., the amount of the FD is relatively small regardless of the added amount of 
prisms).  This indicates that the binocular system functions abnormally. The prevalences of type 
2, 3, and 4 are 25%, 10%, and 5%, respectively.7 Identifying FDC help optometrists design a 
treatment program that improves the patient’s vergence system.32 
FD that is as measured with conventional tests do not measure the actual FD since they are 
not performed under natural binocular viewing conditions. Accordingly, it is suggested that 
assessing the range of disparity vergence under prismatic stress using stereoacuity can be 
beneficial. Moreover, it is reported that limits of useful vergence can be found when stereo percept 
disappears under prismatic stress. 41 
 
Stereopsis Versus Depth Perception: 
 
Stereopsis is the ability to perceive the visual environments in three dimensions. 42 It results 
from the binocular differences (binocular disparity) between both eyes.43 However, depth 
perception can be also achieved monocularly using depth cues such as parallax, texture, and linear 
perspective, among others. It is believed that top-down processing and memory are responsible for 
encoding the monocular depth cues.44 The difference between depth perception and stereopsis is 
that stereopsis is essential to perform complex visual tasks and occur first in primary (striate) and 
secondary visual cortices.45  
Types of Fixation Disparity Curves (FDC): 
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Figure 1: Types of fixation disparity curves. red curves represent the values of fixation disparity (FD) under various 
prismatic powers where x-axis and y-axis   are prisms in prism diopter and FD in arc min, respectively. eso-FD and 
exo-FD indicate convergence FD and divergence FD, respectively. X-intercept and y-intercept represent associated 
phoria and FD, respectively. Positive values represent BO or eso-FD, while negative values represent BI or exo-FD. 
 
Global Versus Local Stereopsis: 
 
Stereopsis is classified into local stereopsis and global stereopsis. The difference between 
them is that the local stereopsis is a distinct depth perception of individual features over a smaller 
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retinal area, whereas global stereopsis is a higher order processing that match groups of features 
with other groups of features.46,47 Local and global stereopsis are not equally affected in some 
neurological diseases and early onset of strabismus. Therefore, the integrity of visual pathway in 
brain is essential to have stereopsis.48 
 
Stereoscopic Processing in the Visual System: 
 
The development of stereopsis starts at age 3 to 4 months and reaches adulthood levels at 
age 5 to 7 years.49 Moreover, stereopsis is stimulated and processed differently in the visual system. 
It is believed that stereopsis is stimulated by three different groups of binocular cells that are tuned 
to crossed, zero, and uncrossed disparities in the brain.50 Furthermore, relative disparities, which 
are independent of fixation point, among objects in depth are associated with fine stereopsis, 
whereas coarse stereopsis is thought to be associated with absolute (retinal) disparities, which are 
dependent on the location of the fixation point, among objects in depth. The latter is processed in 
ventral streams and dorsal streams (V3A, MT, V7), unlike relative disparities that are only 
processed in ventral streams (V4α, hV4, V8) according to a neurological study.51 The functional 
difference between fine and coarse stereopsis is that fine stereopsis is important to make a precise 
depth detection among objects and to identify camouflage objects, whereas coarse stereopsis (i.e., 
its stereothreshold is 5 times larger than the stereothreshold of relative disparity) is important to 
provide information about approaching objects.51,52 
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Stereothreshold: 
 
Stereoscopic vision is said to be present at the near point of accommodation (maximum 
accommodation) until a distance of 500 meters.49 A study showed that stereothresholds at distance 
of 40 cm and 518 cm are not significantly different.53 Generally speaking, stereoacuity (level of 
stereopsis) is better at near and is proposed to be between 30 to 40 arc sec, although the lowest 
(best) stereothreshold is reported to be 2 to 3 arc sec under ideal conditions that include prolonged 
exposure to stimuli since shorter exposure to the stimuli increase the stereothreshold.49 In addition, 
stereothreshold is also heavily dependent on geometry, where it is lowest (best) stereothreshold is 
at the empirical horopter.54 
 Coarse stereopsis (higher stereothreshold) results from a large retinal disparity that causes 
a double vision, whereas a small retinal disparity (i.e., within PFA) maintains a single binocular 
vision and gives rise to fine stereopsis (fine stereopsis).55 Thus, the size of deviations of the eyes 
(fixation disparity, etc.) could change the ability to perceive depth perception.  
 
Artificial Fixation Disparity Versus Stereoacuity: 
 
FD is expected to decrease stereoacuity (increases stereothreshold) because it results in 
“pedestal disparity” (i.e., a relative distance in depth between two targets) which is known to 
double stereothreshold when the pedestal disparity is moved 1 arc min away from the horopter.56 
Ogle and coworkers used prisms to induce FD, and they found that the relationship between 
stereoacuity and the amount of FD is not strong. 32 These findings agreed with a study that found 
the correlation between FD and stereoacuity under a prismatic effect is weak although both are 
affected by inducing prisms.57 The authors of the study attribute this weakness to the fact that there 
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are other factors that have an effect on the stereoacuity such as the cortical interpolation of retinal 
receptor signals.  Further, they found that stereothreshold is higher (worse) under prismatic stress; 
nonetheless, the minimum amount of prism that is required to start reducing stereoacuity cannot 
be predicted even after considering the break point, which is the minimum amount of prism that 
induces diplopia. These findings agree with a study that showed that a larger amount of FD result 
in a larger reduction in stereoacuity, although the correlation between them was not linear.58  
  Cole and Boisvert showed that artificial convergent FD (i.e., induced by prisms in normal 
individuals) decreased stereoacuity significantly. 59 This agreed with Fry’s and Kent’s study which 
found that stereoacuity was reduced in some participants after inducing prisms (forced vergence). 
60 Similar findings were reported by Abd-Manan who found that inducing eso-FD using 6 BI (3 BI 
for each eye) significantly decreased the stereoacuity. 61 
 Cole and Boisvert stated that the effect of artificial FD on stereoacuity will gradually 
decrease when the viewing time is not restricted due to the vergence adaptive mechanisms, prism 
adaptation. 59 Similarly, a study showed that the stereothreshold that induced phoria by prisms 
started to decrease toward its baseline during prism adaptation that was approximately 9 minutes. 
The previous studies did not compare the relationship between stereoacuity and natural FD, 
without forced vergence. Thus, it was questionable if FD created by inducing prisms shows the 
real effect of FD on stereoacuity. 
 
Natural FD (and Associated Phoria) Versus Stereoacuity: 
 
A study investigating the effect of correcting natural FD with prisms on stereoacuity found 
that the stereoacuity did not improve significantly in most of the participants. 62 The author 
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proposed that his findings differed from the other studies because he included a natural fixation 
disparity in his study in a contrast to the previous studies, which induced artificial fixation 
disparity. Still, this finding is not in agreement with previous studies that found that associated 
phoria improves stereoacuity and binocular VA when it is corrected with prisms.  
Prism adaptation is also reported when natural FD was corrected with prisms in which the 
magnitude of post-FD, after wearing prism lenses, did not differ from the pretest-FD 
measurements. Mitchell and Ellerbrock reported that the value of FD was stable for the first month, 
after which it started to differ from its baseline measurements. 63 However, several authors 
suggested that FD should be constant as long as the refractive errors and FD tests are unchanged.7  
 
Vergence Constant Error and Vergence Variability Versus Stereoacuity: 
 
Eye movements are neither completely stationary nor perfectly correlated to each other, 
even while fixating at a stationary target. Thus, vergence constant error and vergence variability 
(vergence noise) are expected to occur. The vergence variability (VV) is defined as the differences 
between the standard deviation of the eye positions over a short period of time (that is few 
seconds), whereas FD is a constant error in vergence. Both FD and VV are thought to be less than 
10 arc min. 64  
 A study showed that stereoacuity decreases in the presence of FD and/ or VV. This is true, 
irrespective of the velocity of the VV when the vergence deviation (VV and/or FD) exceeds 1.4 
arc min. As a result, the study suggested that the visual system extracts the disparity over a period 
of time (i.e., the absolute mean deviation of the visual axes from the horopter) to perceive 
stereopsis. The authors suggested that their results differed from the previous study because the 
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previous study measured stereoacuity under forced vergence with unlimited time. But, it is 
reported that static stimuli improve stereoacuity when they are presented for 1 sec or more. These 
findings could explain why patients with nystagmus have reduced stereoacuity. 65  
 
Comfortable Prisms Versus Associated Phoria and Dissociated Phoria: 
 
Comfortable prisms that are selected by normal participants are different in power 
compared with conventional methods of prescribing prisms. Joanna et al. has shown that 
comfortable prisms (i.e., resulting in the most relaxed view) were greater in the exo-direction than 
those determined by either associated phoria and dissociated phoria testing. The authors attributed 
the differences between the comfortable prisms, associated phoria, and dissociated phoria to the 
fact that comfortable prisms were selected under binocular (natural or unfiltered) viewing 
conditions. This is supported by the fact that participants subjectively chose the prisms that fused 
the targets in dissociated phoria testing. Also, a Nonius line was aligned in the associated phoria 
test that was not tested under natural viewing conditions. The authors recommended to repeat the 
measurement of comfortable prisms on different days before prescribing the prisms to ensure that 
the amount of prisms is stable.66 Similar findings were found in a different study in which the 
associated phoria yielded more eso-deviation compared with comfortable prisms. The authors 
proposed that the differences in the findings are suggested to be due to binocular rivalry that 
occurred around the Nonius lines in associated phoria testing. 67 In contrast, a study found that 
there was a strong correlation between comfortable prisms and associated phoria in either 
asthenopic group and non-asthenopic group. Moreover, visual discomfort was not significantly 
correlated to associated phoria or comfortable prisms. However, the study showed that most of the 
participants did not prefer orthovergence when they were allowed to choose the prisms. Thus, it is 
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concluded that visual discomfort is not an indicator of prism corrections, although prism 
corrections that are selected by patients are preferable. 68 Unfortunately, the previous studies did 
not include additional binocular measurements (e.g., FDC and stereoacuity) that might support 
their findings and make them more meaningful. 
 
The Purpose of the Current Study: 
 
To the best of our knowledge, there are no current studies with a large sample size that 
explain why stereopsis is affected by prisms in some individuals with single binocular vision. 
When fusion is present, there is not always a correlation between the amount of prism or FD and 
stereopsis. The purpose of the current study was to investigate whether vergence constant error 
(FD) or vergence variability (VV) are the only reason for the increased (or worse) stereothreshold 
in individuals with binocular single vision.  
We hypothesize that while the stereoacuity may improve with prisms in participants with 
binocular single vision, we attribute the improvement of stereoacuity to vergence variability (VV) 
and/or a conflict between the accommodative demand and the vergence distance that are corrected 
with prisms. We also investigated whether prims that were selected by the participants (i.e., 
comfortable prisms) minimize binocular blur and visual discomfort, and yield better stereoacuity. 
The prism correction, or comfortable prism, was obtained with an unpublished method that we call 
associated phorometry or associated vergence. Associated phorometry testing needs the 
participants’ subjective cooperation to choose the best prism correction that improves their 
binocular visual acuity and stereoacuity with the most visual comfort. 
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METHOD 
 
Subjects 
 
Thirty optometry students (14 males, 16 females; age 19-53 years old, average 26.17±5.65 
SD) with normal binocularity (avg. near VA 0.03±0.04 LogMAR; average far VA 0.01 ±0.03 
LogMAR). The participants were included in two groups, the first of which is group A (n=13), the 
second of which is group B (n=16).The difference between group A and B is that near stereoacuity 
in group B was measured three times (i.e., the first measurement without prism, the second 
measurement without prism, and the third measurement with prism) compared with two 
measurements (i.e., the first measurement without prism and the second measurement with prism) 
in group A. Furthermore, group B (i.e., N= 16 participants plus an excluded participant from group 
B at near tests) was tested at far (Fig. 2). The reason for adding group B was to study the effect of 
placebo and time on our results. The study adhered to the tenets of the Declaration of Helsinki, 
and the Pacific University Institutional Review Board approved the protocol and informed consent 
forms. Before participating in the study, each participant granted informed consent voluntarily, 
after the investigators described the study methods and their duties. 
After meeting our criteria, the participants included had: (1) binocular single vision with 
stereoacuity of 16 arc seconds (arc sec) or worse at near, (2) far stereoacuity of 36 arc sec or worse, 
(3) visual acuity of 20/25 or better at near and far distances, with each eye (with correction, if any), 
and (4) absence of amblyopia, strabismus in primary gaze, suppression of one eye, retinal diseases, 
head injury, or neurological disorders.  
Participants who correctly responded to the Randot 3 stereo test with Lea symbols (Rondot 
3 test) at near (40 cm) in screening without making any mistakes or taking too much time to 
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respond were stopped at a target of 40 arc sec to induce artificial FD and to decreases stereoacuity. 
This was done using sphere lenses since the participants’ stereoacuity was predicted to reach better 
than 16 arc sec. Participants who did not have degraded stereoacuity with sphere lenses were 
excluded from the study. Similarly, far stereoacuity was artificially reduced (i.e., 36 arc sec or 
worse) in group B using sphere lenses (Fig. 8). 
 
Figure 2: Summary of the Method Section. FD and ∆ represent fixation disparity and prism correction, respectively. 
For FD tests, 22 and 28 of the participants (group A+ group B) were tested with the Sheedy disparometer and the 
Saladin Card, respectively. 
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Materials  
 
Automated Refraction Unit, Targets and Display 
 
 
  (Autophoropter NIDEK RT-5100) that holds ophthalmic lenses (prisms, sphere lenses, red 
and green filters, etc.) was used to perform associated vergence test (for more explanation see Fig. 
16) at near and far and to measure associated phoria using a Nonius cross target at far (Fig. 7). An 
M&S display screen (Smart System® 20/20 wireless system) was used to evaluate binocular 
fusion, to measure visual acuity (VA) and to test stereopsis at 10 feet using Worth four dots test, a 
tumbling E chart test, and The LEA Symbols® Stereo test (LEA stereo test), respectively. A 
vertical row of E letters and a horizontal row of E letters that were presented by the M&S display 
at 10 feet were used as targets to reach the horizontal break points (i.e., induced diplopia by 
horizontal prisms) and vertical break points (i.e., induced diplopia by vertical prisms), respectively. 
This approach was used to perform associated phorometry at far. 
Near tests were performed using a Rotating Near Point Chart (near chart) that was mounted 
at 40 cm from the autophoropter to measure near VA using reduced Snellen Letters (20/50 to 
20/20). A vertical row of letters and a horizontal row of letters (i.e., presented by the near chart) 
were used as targets to reach the horizontal break points and vertical break points, respectively, at 
near. 
 
Sheedy Disparometer and Saladin Card 
 
Sheedy disparometer was used to measure FD in minutes of arc (Fig. 3). The side that faced 
the participants was lit using a near white light source that was incorporated in the autophoropter 
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while the Sheedy disparometer was mounted at distance of 40 cm from the autophoropter. Each 
participant was asked to wear polarized filters (i.e. behind the autophoropter and in front of the 
participant’s eyes) while he was looking through the autophoropter. Participants who were wearing 
spectacles were asked to take them off and their power were entered on the autophoropter. Each 
participant was asked to align two vertical lines with each other at a time by rotating a knob while 
keeping the letters clear during the test. For Saladin card test, it was held by the examiner while 
the participant was asked to read the words between the targets until he identified the targets that 
had two vertical lines without offset (Fig. 4). To perform Saladin card test, each participant was 
wearing polarized filters behind the autophoropter. Each FD test was performed three times to get 
the average of the measurements without and with the prism corrections. 
 
Figure 3: The Sheedy disparometer. 
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Figure 4: Saladin Near Point Balance Card. 
Randot 3 LEA SYMBOLS® Stereoacuity Test 
 
Randot 3 LEA SYMBOLS® Stereoacuity Test (Rondot 3 test) does not have monocular 
cues; therefore, it was impossible that our participants passed the test unless they had stereopsis.  
Randot 3 test consists of two pages. The first page has four boxes (A, B, C, and D), including 
different shapes with different disparities that are X-shaped= 900 arc sec, square-shaped= 600 arc 
sec, circle-shaped=500 arc sec, and triangle-shaped= 400 arc sec, respectively. On the second page, 
there are three rows (A, B, and C). Each row is composed of four boxes that contain four random 
symbols (house, circle, square, and apple). Each row has the same level of stereoacuity (i.e., row 
A=400 arc sec, raw B= 200 arc sec, and raw C= 100 arc sec). In addition, there are ten Wirt circle 
targets (i.e., numbers ranging from 1 to 10) where their disparities are 160 arc sec, 100 arc sec, 63 
arc sec, 50 arc sec, 40 arc sec, 32 arc sec, 25 arc sec, 16 arc sec, and 12.5 arc sec, respectively (Fig. 
5). 
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Figure 5: Randot 3 LEA SYMBOLS® Stereoacuity Test. 
 
The LEA Symbols® Stereo Test 
 
It measures stereoacuity at far in arc sec. On out setup, its lowest and highest 
stereothresholds are 18 and 285 arc sec, respectively (Fig. 6). 
 
Figure 6:  The Lea Symbols® Stereo test 
 
Nonius Cross Target: 
 
It is used to measure associated phoria at far. Its fusion lock is a central small white dot 
that is centered between two monocular targets. The red monocular targets are seen with the right 
eye, while the blue monocular targets are seen with the other eye (Fig. 7). 
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Figure 7:  Nonius Cross Test 
 
 
 
Procedures and Measurements 
 
Each participant was seated behind the autophoropter that held his habitual corrective 
lenses, which were obtained from his case history (i.e., all the participants were optometry students 
at Pacific University and reported that they got their prescriptions within the last thirteen months), 
and the auxiliary lenses, if any. The room illumination had to be dim during the tests. The Worth 
four dot test was performed at distance using the M&S display screen. The participant was asked 
to report how many shapes he saw through the red and green filters while looking through the 
autophoropter. Participants who had suppression in one eye or double images by reporting seeing 
less or more than four shapes, respectively, were excluded from the study. Participants who were 
wearing contact lenses were allowed to keep their contact lenses on during the tests.  
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Visual acuity (VA) of each participant was measured using a near chart. The near chart 
was mounted at 40 cm from the phoropter. Participants with near VA of 20/30 or larger were 
excluded from the study. 
 
Stereoacuity without Prism Using Randot 3 LEA SYMBOLS® Stereoacuity Test 
 
Each participant in group A and B was shown four symbols (house, circle, square, and 
apple) that found on front cover of Randot 3 test (booklet) before testing his stereopsis. The booklet 
was held by the examiner in front of the autophoropter at distance of 40 cm. A near white light 
source which was incorporated in the phoropter lit the page of the booklet that contained the tested 
targets. The examiner had the participant wear polarized 3D filters before his eyes while he was 
looking through the autophoropter. The participant was instructed to hold and tilt the booklet at 
the fixed distance, 40 cm, whenever he saw reflections or thought that tilting the booklet would 
make it easier for him to see the targets. The examiner was still holding the booklet to make sure 
that booklet was 40 cm away from the participant.  
 The participant was tested with page one and two, respectively. Each participant was asked 
to identify the shapes that looked closer (or floated) toward him in box A, B, and C, respectively. 
The participant was not told about the possible shapes that he could see in the boxes since the test 
was measuring gross stereopsis. When the participant correctly identified the targets (passed gross 
stereopsis test) on page one, he was asked to identify the shapes that floated toward him on page 
two. The participant was reminded about the possible shapes that he could see in row A, B, and C. 
Each row was composed of four boxes that contained four random symbols (house, circle, square, 
and apple). Starting with row A, the participant was asked to identify the shapes that floated toward 
him. Each row had the same level of stereoacuity. When the participant correctly identified four 
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symbols in each row A, he was tested with the next row B and then row C, respectively. Otherwise, 
the participant was stopped and his stereothreshold was recorded which was the last row that he 
was able to correctly identify three out of the four symbols. When the participant passed row C on 
page two, he was tested with 10 Wirt circle targets starting from 1 to 10, respectively. Each circle 
target contained four small circles where located to the upper, lower, left and right part of the circle 
target. Starting with the first circle target, the participant was instructed to locate a small circle that 
floated toward him or that appeared to be different from the others, three small circles, within the 
circle target by reporting its direction (i.e., right, left, up, or bottom). This procedure was repeated 
from the second circle target to the tenth circle target or until the participant was unable to identify 
the location of the small circle correctly. The last circle target that has been identified correctly by 
the participant was recorded as his stereothreshold in arc sec. 
 
Degrading Stereoacuity in Participants with Good Stereoacuity Using Auxiliary Lenses 
 
Participants in group A and B who correctly responded to Randot 3 test at near (40 cm) in 
screening without making any mistakes or taking too much time to respond were stopped at a target 
of 40 arc sec to decrease stereoacuity using sphere lenses since the participants’ stereoacuity was 
predicted to reach better than 16 arc sec. VA had to be 20/25 or better monocularly through the 
sphere lenses (auxiliary lenses). Inducing artificially-reduced stereoacuity is summarized in Figure 
8. 
The initial FD, if any, of each participant was measured using Saladin card test to select 
the initial sphere lenses that increased (or induced more) FD and decreased stereoacuity (e.g., eso-
FD= negative lenses or exo-FD= positive lenses) at near. Further, after addition of auxiliary sphere 
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lenses that ranged from ± 1.00 DS to ± 3.00 DS, VA and stereoacuity were measured using near 
chart and Randot 3 test, respectively. Each participant was tested with different sphere lenses that 
maintained VA of 20/25 or better monocularly until the stereoacuity was significantly degraded 
(i.e., 16 arc or worse). For example, the auxiliary lenses that made the participant incorrectly and 
slowly respond to the Randot 3 test and without being able to identify the target of 16 arc sec or 
worse were considered adequate auxiliary lenses and were used in the whole study. When the 
participant was predicted to see better than 20 arc sec with the auxiliary lenses, he was stopped 
before seeing 32 arc sec and was retested with additional auxiliary lenses that were higher in power 
until his stereoacuity degraded to 16 arc sec or worse. The degraded stereoacuity was recorded as 
a baseline measurement for later comparison. All participants in group A and B had artificial FD 
with degraded stereoacuity. For far stereoacuity, negative lenses were used to degrade stereoacuity 
(i.e., 36 arc sec) at 10 feet in group B. Far stereoacuity was measured by LEA stereo test. 
26 
 
 
 
Figure 8: This figure illustrates how we reduced the stereoacuity of the participants artificially. Positive lenses and 
negative lenses were used to reduce stereoacuity at 40 cm and 10 feet, respectively. VA and arc sec represent visual 
acuity and seconds of arc, respectively. 
 
 
FD without Prism Using the Sheedy Disparometer and Saladin Card 
 
The order of the FD measurement using the Sheedy disparometer and Saladin card was 
randomized using random numbers which were created by Excel. For the Sheedy disparometer 
test, it was mounted at distance of 40 cm from the autophoropter, whereas the Saladin card was 
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held by the examiner. Each FD test was repeated three times to take the average of FD in arc min 
without the prism correction. All of the participants in group A and B were tested with Saladin 
Card. However, seven participants and fifteen participants were tested with the Sheedy 
disparometer in group A and B, respectively. All of the participants had horizontal FD except for 
three participants who had both horizontal and vertical FD. 
 
Associated Phorometry Technique (Associated Vergence Test) for Prescribing Prisms at 40 
cm 
Associated phorometry technique was performed at near using the autophoropter in group 
A and B (Fig. 9). To perform this test, we used several prisms to induce diplopia using base-in 
prisms (BI) and base-out prisms (BO), respectively, in both eyes to find the midpoint of the 
horizontal prisms. After that, we added base-up prisms BU (i.e., in the right eye) and base-down 
prisms BD (i.e., in the left eye) respectively, while the midpoint of horizontal prisms was still in 
front of the eyes. To find the midpoint of the vertical prisms, we switched between vertical prisms 
(i.e., BD and BU in the right eye and in the left eye, respectively). Finally, we used force-choice 
technique to adjust the vertical and horizontal prisms. To perform this technique, the examiner 
increased and decreased the horizontal prisms while encouraging the participant to report “which 
lens was better, 1, 2, etc.?” until the participant got his best vision. The examiner repeated this 
procedure to find vertical prism correction (Fig. 9) (See Appendix A for more details). 
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Figure 9: Associated Phorometry Technique. H-∆ and V-∆ indicate horizontal prisms and vertical prisms, 
respectively. OD and OS represent the right and the left eye, respectively. 
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Stereoacuity with Prism Using Randot 3 Lea Symbols® Stereoacuity Test 
 
In group A, stereoacuity with prism was measured with the participant’s habitual 
spectacles, polarized filters, and prism corrections, if any, at 40 cm using the Randot 3 test while 
the participant was looking through the autophoropter. Similarly, in group B, the stereoacuity was 
measured twice at 40 cm, the first of which was with placebo corrections (polarized filters, 
auxiliary sphere lenses and habitual spectacles, if any), and the second of which were all of the 
above, plus prism correction. The instructions of the stereotest were identical to the baseline 
stereoacuity test using Rondot 3 test. 
 
FD with Prism Using the Sheedy Disparometer and Saladin Card 
 
In group A and B, all of the participants were tested by Saladin card, 22 of whom were also 
examined by the Sheedy disparometer. The order of measuring the FD in the 22 participants using 
the Sheedy disparometer and Saladin card was randomized using random numbers which were 
created by Excel. The instructions and procedures of these tests were identical to the measurements 
of FD at baseline. 
 
Stereoacuity without Prism and VA at a Distance of 10 feet Using The LEA Symbols® 
Stereo test 
 
VA and stereoacuity of group B were measured at 10 feet using a tumbling E chart test and 
LEA Stereo test, respectively, that were presented by the M&S display screen. To measure the 
stereoacuity, each participant was asked to identify the shapes, targets, that looked closer to him 
while he was looking through red and green filters (and his habitual spectacles, if any) that were 
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held in the autophoropter. Stereothreshold was determined when the participant correctly 
identified three shapes out of five in the smallest level of stereoacuity. VA was measured starting 
with bigger targets to the smallest targets. 
Participants with good stereoacuity, better than 36 arc sec, at 10 feet were given extra 
negative sphere lenses starting with -1.00 DS in each eye to degrade their stereoacuity. After that, 
VA and stereoacuity were measured again. This step was repeated with higher negative sphere 
lenses until the stereoacuity was 36 arc sec or worse with VA of 20/25 or better.  
 
Associated Phoria at Distance of 10 Feet Using Cross Target  
 
Each participant in group B was instructed to fixate at a Nonius cross target that was 
presented by the M&S display screen at distance of 10 feet, while he was looking through the 
lenses of the autophoropter. The right eye was filtered by a red lens, whereas the other eye was 
filtered by a green lens. 
The participant was asked to report whether the Nonius cross target (Fig. 7) was a perfect 
cross (i.e., in the center of the screen). The participant was also asked to report if the cross was 
stable or not after blinking. Based on the participant’s report, the examiner added prisms (i.e., BI 
when the participated reported that the red part of the cross on a black background moved to the 
left, or crossed disparity).  
 
31 
 
Associated Phorometry (Associated Vergence) Technique for Prescribing Prism at Distance 
of 10 Feet 
 
Group B performed far associated vergence test. It had similar procedure compared to the 
near associated vergence test. However, the targets that were used to perform this test were a 
vertical row of Es, horizontal row of Es, and tumbling E chart instead of a vertical row of reduced-
Snellen letters, horizontal row of letters, and reduced Snellen near chart, respectively (Fig. 9). 
 
Stereoacuity with Prism at Distance of 10 Feet 
 
The procedure of the stereoacuity measurement with prism was identical to the stereoacuity 
measurement without prism that was measured by the LEA Stereo test. 
 
Data Analysis 
 
 SPSS statistical software was used to analyze the data (SPSS Inc. IBM Corp Version 22). 
The means, medians and standard deviations (SD) of FD (i.e., measured by Saladin card and 
Sheedy disparometer), and near stereoacuity were calculated with and without prisms for group A 
and B. We also calculated the clinical significance (effect size) of prisms in FD and stereoacuity. 
For far stereoacuity, the means, SD, effect size were used to analyze the effect of prism correction 
on far stereoacuity and to compare between associated phoria (i.e., prisms that correct fixation 
disparity) and prism correction (i.e., prescribed based on visual comfort) in group B. The statistical 
significance was set at p< 0.05.  
Repeated Measures Analysis of Variance (ANOVA) and Analysis of Covariance 
(ANCOVA) were not conducted to test stereoacuity because the distributions of the data were not 
normal and because it was measured in units of mean angle of resolution which is not an interval 
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scale. Thus, Mann-Whitney U tests and Wilcoxon matched pairs (i.e., nonparametric tests) were 
conducted to examine the effect of prisms on near stereoacuity between subjects and within-
subjects, respectively. Kolmogorov-smirnov test was used to examine whether the distributions of 
near baseline stereoacuity between group A and B were the same. 
In group A, we only compared between baseline stereoacuity without prism and 
stereoacuity with prism. However, in group B, we conducted paired comparisons among three 
variables (i.e., baseline stereoacuity without prism, stereoacuity with placebo correction, and 
stereoacuity with prism). We also used Wilcoxon matched pairs to test far stereoacuity without 
and with prisms and to compare between associated phoria and prism correction in group B (Fig. 
2).  
For FD, because the results of FD were normally distributed, pairwise T-Test was used to 
compare between FD without and with prism (i.e., measured by Saladin card and Sheedy 
disparometer) in all of the participants (i.e., group A & B were combined into one group). We did 
not split group A and group B because each group was only tested twice without prism and twice 
with prisms using both FD instruments. Bland-Altman chart was plotted to test whether the two 
FD instruments gave the same results. Pearson’s correlation coefficient was used to correlate 
among the results of FD tests. However, the correlation of fixation disparities and stereoacuities 
were presented using Spearman’s correlation coefficient since stereoacuities were not normally 
distributed. We also used scatter plot to study the correlation of stereoacuity and FD.  
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Results 
 
 
Artificial Stereoacuity and Prism Correction 
 
The means of absolute sphere lenses in diopter sphere (i.e., used to artificially decrease 
stereoacuity at near), horizontal prism correction (∆), base-out (BO) and base-in (BI) prisms that 
induced double vision are presented in Table 1. One participant was excluded from group B at near 
because his stereoacuity was very large (500 arc sec) even with prism correction, suggesting that 
he did not have a healthy visual system (i.e., binocular cells). 
Stereoacuity between Participants 
 
The results showed that the distributions of stereoacuity at baseline without prism were not 
statistically significant (Kolmogorov–Smirnov Z= 0.682, p=0.74). We also found that the median 
stereoacuity with prism in group A was less than the median stereoacuity with placebo in group B 
(Fig. 10), but they did not differ significantly (Mann -Whitney U= 81, p = .329, effect size= -0.38 
SD). Table 2 shows the medians and percentile of stereoacuity with and without prisms in group 
A and B 
Table 1: Amount of absolute values of sphere lenses and prism corrections (∆). 
 N Mean SD 
ABS Sphere 
lenses 
29 2.0517 .58393 
ABS ∆ 29 5.00 3.495 
ABS BI 29 18.931
0 
5.87325 
ABS BO 29 28.379
3 
9.02937 
    
ABS represents the absolute values of the variables. N and FD are the sample size and the standard deviation, 
respectively. BI (base-in), BO (base-out), AP (associated phoria), and ∆ (prism correction) are in prism diopters, while 
sphere lenses are in diopter sphere. 
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Figure 10: The medians of the stereoacuities of group (Grp) A and B on X-axis. Y-axis represents the values of the 
stereoacuities in arc sec. The scale of Y-axis is converted to LogMAR. Stereoacuity without prism is baseline 
stereoacuity in group A and B, while stereoacuity with placebo is the second stereoacuity measurement without 
prism in group B. 
 
Stereoacuity within Participants 
 
For group A, Wilcoxon matched pairs indicated that baseline stereoacuity without prism 
was significantly greater than stereoacuity with prism (Wilcoxon’s Z = -2.11, p = 0.035). Similar 
findings were found in group B in which the stereoacuity was significantly improved with prism 
compared with baseline stereoacuity (i.e., without prism) (Wilcoxon’s = -3.40, p = 0.001). 
Moreover, stereoacuity with prism was significantly better than stereoacuity with placebo 
correction (Wilcoxon’s = -2.93, p = 0.003) (Table 2). The baseline stereoacuity without prism in 
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Group B was not significantly greater than stereoacuity with placebo correction (Wilcoxon’s = -
1,21 p= 0.224) (Table 2 & Fig. 10). The effect size of prism correction (comfortable prism) within 
subjects is shown in Table 3. 
Table 2: Median and percentile of stereoacuity with and without prisms at near in group    A and 
B 
 
Baseline 
Stereoacuity: 
Grp A 
Stereoacuity 
with Prisms: 
Grp A 
Baseline 
Stereoacuity: 
Grp B 
Stereoacuity 
with placebo: 
Grp B 
Stereoacuity 
with prisms: 
Grp B 
N  13 13 16 16 16 
Median 32 20 25 25 16 
Percentil
es 
25 25 12.50 23 17 12.50 
75 100 41 145 132.50 23.75 
The first measurement of stereoacuity without prism in group A and B is labeled baseline stereoacuity, while the 
second measurement of stereoacuity without prism in group B is labeled stereoacuity with placebo. N indicates the 
sample size. Stereoacuity is in second of arc. 
 
 
Table 3: Effect size of prism correction on stereoacuity in each group at near. 
Paired Tests Difference                  Average SD                            Effect size 
Grp 
A 
Stereoacuity 
with ∆ vs. 
without ∆ 
 
-
38.80* 
 119.19  -0.325 
Grp 
B 
Stereoacuity 
with ∆ vs. 
without ∆ 
-
66.93* 
 82.45  -0.81 
* Wilcoxon matched pairs p < 0.05. Grp and SD represent group and standard deviation. 
 ∆ indicates prism correction. 
 
Fixation Disparity (FD) with Prism vs FD without Prisms 
 
Paired t-tests showed that the prisms reduced FD significantly (t= (27) - 2.48 P=0.019) and 
(t= (21) - 3.36, P=0.003) when FD was measured by the Saladin card and the Sheedy disparometer, 
respectively (Table 4 & Fig. 11). The mean difference (M) and confidence interval (CI) of the 
Saladin card and the Sheedy disparometer were M=-.68, 95% CI [-1.25, -0.12] and M=-2.36, 95% 
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CI [-3.82, -.90], respectively. The effect sizes of both FD tests are shown in Table 5. Additionally, 
the odd ratios (OR) of FD tests showed that the risk of shifting the direction of FD to the opposite 
direction (e.g., from eso-deviation to exo-deviation) was twice as likely (OR= 2, p=0.68) as, 
measured by the Saladin card and 1.5 times as likely (OR=1.5, p=.99) as measured by the Sheedy 
disparometer) after wearing prisms, although the added risk was not significant (Table 6 and 7). 
 
Table 4: the mean and standard deviation of stereoacuity with and without prisms at near in 
group A and B. 
 N Mean SD 
Saladin without 
prisms 
28 1.932
1 
1.24 
Saladin with 
prisms 
28 1.242
9 
0.79 
Sheedy without 
prisms 
22 5.936
4 
4.94 
Sheedy with 
prisms 
22 3.572
7 
3.88 
    
The units of the Saladin card and the Sheedy disparometer are in minutes of arc. 
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Figure 11: The medians of fixation disparity without and with prisms using Saladin card and Sheedy disparometer. 
Y-axis represents the values of the FD in minutes of arc.   
 
 
Table 5:  Effect size of prism correction on FD in both FD Tests. 
Paired Tests 
Difference                      Average SD                                       Effect 
size 
 Saladin with VS 
without ∆ 
-0.68*  1.02  -0.67 
 Sheedy with VS 
without ∆ 
-2.36*  4.41  -0.53 
                    * paired test p < 0.05. 
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Table 6: The direction of FD with and without prisms using Saladin Card 
  With ∆ 
Without ∆ 
Exo-
FD Eso-FD 
Exo-FD  16 4 
Eso-FD 2 6 
    
Exo-FD, Eso-FD, and ∆ indicate convergent FD, divergent FD, and prism correction. 
 
 
Table 7: The direction of FD with and without prisms using Sheedy disparometer 
  With ∆ 
Without ∆ 
Exo-
FD Eso-FD 
Exo-FD  13 3 
Eso-FD 2 4 
    
 Exo-FD, Eso-FD, and ∆ indicate convergent FD, divergent FD, and prism correction. 
 
Comparison of the measures of Fixation Disparity 
 
Bland Altman graph (Fig. 12) indicated that agreement between Saladin card and Sheedy 
disparometer depended on the amount of FD.  They were in agreement with small amounts of FD, 
but not in agreement with greater amounts.  We found that the Sheedy disparometer tends to give 
larger values compared with Saladin card (Fig. 13). Moreover, the Pearson’s correlation of 
coefficient showed that the Saladin card and Sheedy disparometer are negatively correlated (r=-
0.491, p= 0.02). 
Stereoacuity Versus FD 
 
The Spearman’s correlation between FD and stereoacuity are not significant (Table 8). 
Scatter plots showed that baseline stereoacuity (i.e., without prism) is not significantly correlated 
with FD in both groups, irrespective of FD tests (Fig. 13). 
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Figure 12: Bland-Altman difference vs. mean plot for FD without prism (i.e., Sheedy disparometer’s results were 
subtracted from Saladin card’s results). Horizontal dotted lines represent upper and lower limits of agreement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                              
                                                                                                    (A) 
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                                                                                         (B) 
Figure 13: (A) scatter plot shows the relationship between baseline stereoacuity without prism and FD (i.e., measured 
by Sheedy disparometer). X-axis and Y-axis represent FD in minute of arc and stereoacuity in seconds of arc, 
respectively. (B)  It is similar to (A), but FD was measured with Saladin card. 
 
 
Table 8: The Spearman’s correlation between FD and stereoacuity. 
FD Tests 
Stereoacuity 
without ∆ 
Saladin without ∆ (P-value=0.91) -.020 
Sheedy without ∆ (P-value=0.7) .087 
 
 
 
Far Stereoacuity VS Prism Correction and Associated Phoria VS Prism Correction within 
Participants 
 
The descriptive statistics of group B at far are presented in Table 9.  Wilcoxon matched 
pairs showed that far stereoacuity significantly improved with prism (Table 10) (Wilcoxon’s Z = 
-2.36, p = 0.018) when it was compared with baseline stereoacuity without prism (Fig. 15). 
Moreover, the effect size of prisms on far stereoacuity was -0.37.  
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The median prism diopter of comfortable prism (prism correction) was significantly greater 
than the median prism diopter required to bring FD to zero (associated phoria) (Wilcoxon’s Z = -
2.60, p = 0.009) (Table 10 & Fig. 14). We also found the 15 and 2 of the participants had BO and 
BI prism corrections, respectively.  However, 11 and 6 of the participants had BO and BI 
associated phoria, respectively. The Spearman’ correlation of associated phoria, stereoacuity 
without prism, and prism correction (i.e., at far) are not significantly correlated (Table 11). 
 
Table 9: Amount of absolute values of sphere lenses, associated phoria (AP) and prism 
correction (∆) at far. 
 N Mean SD 
ABS sphere lenses 17 1.87 .766 
ABS BI 17 7.82 3.321 
ABS BO 17 28.24 10.152 
ABS AP 17 2.53 3.044 
ABS ∆ 17 6.35 4.182 
    
 ABS represents the absolute values of the variables: BI (base-in), BO (base-out), AP (associated phoria), and ∆ (prism 
correction) are in prism diopter. Sphere lenses are in diopter sphere. 
 
 
Table 10: The median and percentile of stereoacuity with and without prisms at far. 
 
Far Baseline 
Stereoacuity 
Far 
stereoacuity 
with ∆ 
Far associated 
phoria 
Far ∆ 
correction 
N  17 17 17 17 
Median 71 53 2 6 
Percentil
es 
25 36 36 1 3 
75 160.50 71 3 9 
Stereoacuity is in arc sec, while far ∆ correction and associated phoria are in prism diopter. 
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Figure 14: The medians of far associated phoria and far correction (i.e., with prism) are presented on X-axis. Y-axis 
represents the values of the variables in prism diopters. 
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Figure 15: The medians of far stereoacuity at baseline (i.e., without prism) and with prism on X-axis. Y-axis 
represents the values of the stereoacuities in arc sec. 
 
 
Table 11: Correlation among Far Stereoacuity, Prism Correction, and Associated Phoria. 
 
 
Associated 
phoria at far 
∆ correction at 
far 
Stereoacuity 
without ∆ at far 
 Associated phoria 
at far 
Correlation 
Coefficient 
1.000 0.148 0.004 
Sig. (2-tailed) . 0.570 0.989 
N 17 17 17 
∆ correction at far Correlation 
Coefficient 
0.148 1.000 0.371 
Sig. (2-tailed) .570 . 0.143 
N 17 17 17 
Far stereoacuity 
without ∆ 
Correlation 
Coefficient 
0.004 0.371 1.000 
Sig. (2-tailed) 0.989 0.143 . 
N 17 17 17 
∆ indicates prism. 
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Discussion 
 
Our findings confirm that prism correction improves near stereoacuity significantly in 
group A and B. In group B, the improvement of stereoacuity with prism was still significant even 
when it was compared with stereoacuity with placebo correction. However, stereoacuity with 
placebo correction was better than baseline stereoacuity with prism. This indicates that the practice 
effect confounded our results. This is supported by the fact that stereoacuity with prism in group 
B was better compared with stereoacuity with prism in group A. Further, when we compared 
between stereoacuity with prism in group A and baseline stereoacuity without prism in group B, 
we found that the difference between them was not statistically significant. We attribute this 
finding to the fact that the independent tests are not very sensitive since we could not control for 
the large differences in baseline stereoacuity without prism between both groups.  
We believe that our approach did not overestimate prism corrections that was required to 
improve stereoacuity, since most of the prescribed prisms did not exceed 8 BI at near. Compared 
to a study that showed that 13 BI to 16 BI derived by an equation (i.e., considered interpapillary 
distance and viewing distance) resulted in higher or worse stereothresholds compared with our 
approach.53 Nevertheless, in our study, we found that prism correction (i.e., selected by the 
participants) was significantly greater than associated phoria (i.e., the amount of prism that reduce 
FD to zero) at far. This indicates that the anticipated artifacts from looking at the targets through 
the red and the blue filters behind the autophoropter without restraining the participants’ heads did 
not increase the amount of prism correction (6.35∆) because the amount of phoria was small 
(2.53∆). In other words, we would have a large amount of associated phoria if the artifacts had 
significant effect on our results. Further, associated phoria and prism correction are not 
significantly correlated. The previous differences between prism correction and associated phoria 
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can be explained by the fact that the associated phoria was not measured under natural binocular 
viewing condition (i.e., because of the red and the blue lenses) compared with prism correction 
(i.e., selected by the participants without wearing the colored lenses). 
To evaluate the relationship between stereoacuity and FD we first had to test the reliability 
of the Saladin card and the Sheedy disparometer. We found that the amount of FD that was 
measured by the Saladin card significantly reduced with prism. Similar findings were found with 
the Sheedy disparometer after excluding three participants from this test, since their findings were 
outliers compared with other findings.  
The agreement between the Saladin card and the Sheedy disparometer were in agreement 
with small amounts of FD; however, they were not in agreement with greater amounts of FD. We 
also noticed that the Sheedy disparometer yielded larger absolute values compared with the Saladin 
card. Similar findings were reported by Kelly et al. in which the absolute values of the Sheedy 
disparometer were larger and yielded different slopes compared with the Saladin card. 
Furthermore, the authors found that Sheedy disparometer yielded more eso-FD even when they 
used BO (i.e., increase exo/decrease eso deviations). 69 They attributed their findings to differences 
in the designs of the two instruments. By contrast, our results showed that the Sheedy disparometer 
tended to yield more exo-FD with and without prism corrections than with the Saladin card.  
We suggest that accommodative system played a significant role in the Sheedy 
disparometer compared with the Saladin card because we took the measurements while the 
participants were looking through plus lenses. This is supported by the fact that the absolute values 
of the Sheedy disparometer (i.e., more exo-FD) were always larger with plus lenses (i.e., in our 
study) and without plus lenses (i.e., in Kelly’s study) compared with the Saladin card. Kelly et al. 
concluded that the results of the Sheedy disparometer cannot be compared directly with the 
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Saladin’s results. 69 Our data support this conclusion because the FD instruments were only in 
agreement with small amount of FD.  
The first striking result from the current study is that, according to the correlation 
coefficients, there are no significant correlations between the values of near stereoacuities (i.e., 
without and with prisms) and the values of FD (i.e., without and with prisms), irrespective of the 
FD tests. These findings were not expected since FD was the only independent variable that we 
hypothesized to change stereothreshold. Moreover, we found that associated phoria was not 
correlated with baseline stereoacuity without prism at far. However, our findings are in agreement 
with several studies. For example, Ogle et al. stated that stereoacuity and the value of FD (i.e., 
induced by prisms) do not have a strong correlation. 32 Fry and Kent reported that stereoacuity was 
only reduced in some participants after inducing prisms. 60 In contrast, Abd-Manan showed that 
inducing eso-FD using 3 BI for each eye significantly decreased the stereoacuity. 21 Similar 
findings were reported by Cole and Boisvert who stated that larger amount of eso-FD results in a 
larger reduction in stereoacuity, although the correlation between them was not linear. 59 
According to Miriam et al., the correlation between FD and stereoacuity at 4.5 meters was 
statistically significant (p=0.48) under a prismatic effect. The authors concluded that stereoacuity 
might be affected by other factors other than FD such as the cortical interpolation of retinal receptor 
signals, because they found that stereoacuity cannot be predicted by knowing the amount of prism. 
41 In our study, since we used sphere lenses to simulate FD instead of natural FD, we cannot 
compare our data directly with the previous studies. Particularly, the purpose of our study was not 
only to correlate between FD and stereoacuity, but also to improve the stereoacuity with prism.  
Additionally, the previous studies were limited by several factors when they investigated 
the correlation between stereoacuity and FD. For example, they were not able to investigate the 
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effect of FD on stereoacuity before and after prism corrections since prisms were used to induce 
FD.  Besides that, comparing between stereoacuity and FD in any of the following ways could 
have confounded their results because it is known that wearing prisms could result in a rapid prism 
adaptation:  
1. With prisms and after removing prisms (i.e., induced FD) or  
2. Before wearing prisms and with prisms (or after removing the prisms)  
Furthermore, Cole and Boisvert stated that the effect of artificial FD on stereoacuity will 
gradually decrease when the viewing time is not restricted. 59 Another study showed that high 
(poor) stereothreshold (i.e., simulated by prisms) started to decrease (or improve) toward its 
baseline within approximately 9 minutes due to phoria (prism) adaptation.70 Thus, it is possible 
that the data of the previous studies that failed to correlate stereoacuity and FD were confound 
with prism adaptation. 
Despite of using prisms to induce artificial FD, wearing prisms to correct natural FD was 
reported to result in prism adaptation in which the magnitudes of post-FD, FDC, and 
stereothreshold did not differ from their baselines, according to Rutstein. 71 Therefore, we suggest 
that the participants in our study adapted to prism corrections since their FD did not reach to zero, 
although it is possible that we under-or over-corrected their FD. Our suggestion and Rutstein’s 
report conflict with Mitchell’s and Ellerbrock’s findings that found the value of FD was stable for 
about a month before it started to differ from its baseline measurements. 63 More controversially, 
it is shown that FD should be constant as long as the refractive errors and the FD tests are not 
manipulated.7 
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Irrespective of prism adaptation and residual FD, our results showed that prism corrections 
significantly improve near and far stereoacuities, even though all participants had non-zero FD. 
As a result, we suggest that reduced stereoacuity was improvable, and not offset by prism 
adaptation. If the FD and degraded stereoacuity (i.e., simulated by sphere lenses) in our study 
resembled a natural FD, we propose that near and far stereoacuities should improve with prism 
corrections even if the prisms did not fully correct FD. Further, according to José, near associated 
phoria was positively correlated with stereoacuity. 72 Nevertheless, Rutstein’s study has shown that 
far stereoacuity did not improve after correcting a natural FD with prism. 71 
The possible explanations for the disagreement between the previous studies might be due 
to the differences in their methodologies (e.g., different sample sizes, distances, targets, 
instruments, artificial FD, etc.). Our methodology is in contrast to all of the previous studies 
because we used spherical lenses, instead of prisms and natural FD, which changed the 
accommodation and convergence demands. We suggest that our results were affected by 
interactions between the vergence and accommodative systems rather than FD. Further, it has been 
documented that stereoscopic tasks under binocular viewing conditions are easier and faster when 
the vergence (i.e., driven by disparity) and accommodative (i.e., driven by blur) systems are 
properly stimulated, the focal distance coincides with the vergence distance.73 This is because 
vergence and accommodation conflicts impair visual performance. Therefore, it is possible that 
the stereoacuity was improved in our study because we decreased (or increased) the vergence 
distance to coincide with the focal distance using BO (or BI), respectively. The focal distance was 
assumed to be constant and equal to the fixation distance because none of the participants were 
presbyopes and were looking through the positive lenses and negative lenses that did not blur the 
targets (i.e., 40 cm), and because maximum positive lenses did not exceed +2.00 DS. Accordingly, 
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we suggest that our findings and the previous studies that showed improvement in the stereoacuity 
with prisms are not due to precisely correcting FD. 
The previous studies that failed to improve stereoacuity by correcting FD might have failed 
to coincide the focal distance and the vergence distance using their techniques, whereas our 
approach successfully improved stereoacuity with prisms using associated phorometry that 
considered the quality of binocular VA (blur) and visual comfort (disparity) simultaneously.72,7,59  
Philip et al. extensively investigated the relationship among stereoacuity, prisms and 
binocular VA at distance of 3 meters in two studies. In study 1, they measured stereoacuity using 
two stereo tests, Davis Distance (FD2) and Distance Randot (DR), under a range of prismatic 
powers that started gradually from 2 BO to 40 BO, while they started with 40 BO and then 
gradually decreased the prisms to 2 BO in study 2. Interestingly, all of the participants, who were 
normal, did not experience diplopia in study 1, whereas all of the participants in study 2 had double 
vision. In their observations they found that binocular VA under fusion was 20/20 in both of the 
studies, irrespective of the amount of the prisms. Moreover, in study 1, the stereoacuity was 
reduced to 80% and 45% as measured with Davis Distance (FD2) and Distance Randot (DR), 
respectively. By contrast, in study 2, the stereoacuity that was reduced first by 40 BO was gradually 
recovered (i.e., with reducing the amount of prisms) in participants who fused early, whereas the 
stereoacuity was immediately recovered in participants who fused later with smaller prisms. It is 
interesting to see conflicting results in the two studies since the methodologies were similar except 
for the order of the prisms. The authors concluded that degraded stereoacuity with prisms is less 
likely due to the accommodative convergence since the binocular VA was 20/20 in the whole 
study. In addition, they suggested that the absence of double vision in study 1 was due to the slow 
fusional vergence system. 74 75 These studies turned our attention to three findings that could 
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explain our data, the first of which is the presence of diplopia in the study 2, second of which is 
the absence of reduced binocular VA both studies, and the third of which is unequal recovery of 
stereoacuity in study 2. 
We suggest that the presence of diplopia in the second study is due to the absence of small 
disparities that stimulate the fast fusional vergence system (FFVS). Subsequently, the slow 
fusional vergence system (i.e., receives output from FFVS) is not completely active. With regard 
to the second finding, it is clear that the absence of reduced binocular VA indicates that binocular 
VA cannot predict stereoacuity. Therefore, we propose that binocular VA did not play a significant 
role in determining prism correction that improved the stereoacuity using the associated 
phorometry test (i.e., used in our study).  
However, it is possible the quality of binocular blur played a significant role in our 
approach instead of the binocular VA threshold because we had the participants report which 
prisms helped them see better (reduced blurriness or increased clarity) with less visual discomfort 
(or more visual comfort). Since we did not record whether the participants’ responses were due to 
blurriness and/or visual discomfort, we cannot make a sold statement about the importance of the 
quality (clarity) of binocular VA in the associated phorometry test.  
For the third finding (unequal recovery of stereoacuity in the study 2), if the gradual 
recovery of stereoacuity in the participants who fused early were mainly due to prism adaptation 
(slow-acting mechanism), the stereoacuity of participants who fused later (with smaller amount of 
prism) should have recovered gradually, since prism adaptation is active under small disparities 
rather than diplopia.   
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The previous findings indicate that stereoacuity is not affected by the amount of prisms 
alone, nor prism adaptation.  Accordingly, we propose that a higher level of visual demand (i.e., 
not FD nor amount of prisms alone) is the only reason for degrading stereoacuity in our study and 
the previous studies, if any. To confirm that, we hypothesized that visual demand is dependent on 
a combination of two factors, the first of which is the onset of larger visual stressors (i.e., when 
the prisms are induced), the second of which is the duration of fusion under a larger amount of 
prisms (i.e., represents the visual effort), respectively. Our assumptions state that when a larger 
amount of prism is induced prior to a smaller amount of prisms (i.e., first assumption) that 
combined with the second assumption (i.e., effort to keep fusion as long as possible), binocular 
vision will be greatly stressed, which results in degraded stereoacuity or unequal recovery of 
stereoacuity. All of these assumptions are met in participants who fused early (i.e., larger prisms 
with longer fusion) compared with participants who fused later with smaller prisms (i.e., longer 
latency to fuse) in the study 2. If the hypothesis is true, stereoacuity did not recover unequally in 
study 1 because the previous assumptions were not met. These assumptions (i.e., reduced 
stereoacuity) might only apply to acute and artificial visual stress that is induced during 
experiments. 
 Regardless of the previous hypothesis, we failed to correlate stereoacuity and FD as many 
studies have failed before.72,7,59. In our study, we could not identify another factor that could 
explain our findings. We used sphere lenses that resulted in a conflict between the focal and 
vergence distances that is known to increase visual stress. The visual stress is a general term; thus, 
we suggest that there are other visual stresses that might decrease stereoacuity such as vergence 
variability (VV).  
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Because VV is rarely tested compared with FD, it is possible that inconsistent findings in 
the previous studies were due to uncorrected VV. According to Ukwade et al, the presence of VV 
decreases stereoacuity when the mean deviation of VV exceeds 1.4 arc min (84 arc sec). In their 
conclusion, they proposed that the absolute mean deviation of the visual axes from the horopter 
within Panum’s area determines the quality of stereopsis. We attribute our results to VV instead 
of FD, although we did not measure it. This can be supported by the fact that stereoacuity in our 
study improved with prism correction while the FD was not correlated with stereoacuity nor 
reached zero. In addition, the examiner’s observation in our study noticed that the response time 
to reach the stereothreshold was shorter in most of the participants after prism correction, which 
indicates that vergence system was more sable with prism correction. Since the response time was 
not recorded, we cannot use it to explain our results. Hypothetically speaking, we propose that 
stereoacuity and the response time to reach the stereothreshold decreases and increases, 
respectively, when the mean deviation of VV is larger than 1.4 arc min (84 arc sec). This might 
explain why we failed to degrade stereoacuity by inducing sphere lenses in many of excluded 
participants in this study. We suggest that VV was induced by conflict between the accommodative 
and the vergence distances. In other words, the conflict indirectly reduced stereoacuity by inducing 
VV. 
Although the autophoropter made it easier to perform the associated phorometry test and 
helped to keep the vertex distance constant, it restricted the field of view resulting in a tunnel effect 
and may have induced proximal effect. Another limitation of this study was for near stereo testing, 
where the participants wore polarized filters behind the autophoropter while the participants' 
habitual head positions were not restrained. Furthermore, the Limitations in stereoacuity testing 
levels and unlimited time to perform the stereoacuity test may have over- or under-estimated true 
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stereothresholds. We also included asymptomatic participants that might have responded 
differently (i.e., adapted to prism) compared with true symptomatic patient. Our sample size was 
small to show significant difference when we compared between stereoacuity with prism in group 
A and stereoacuity with placebo (without prism) in group B. Moreover, the stereoacuity with 
placebo was always measured before prism in all of the participants in group B. This might have 
confounded our results because of a practice effect. 
Conclusion 
 
Our results showed that prescribing prism correction (comfortable prism) to normal 
individuals with artificially-degraded stereoacuity improved near stereoacuity (i.e., in group A and 
B) and far stereoacuity (i.e., in group B) However, near stereoacuity with prism in group A did not 
improve significantly compared with stereoacuity with placebo correction in group B. It is possible 
that this finding was due to large differences that we could not control in stereoacuity between 
group A and B. 
We also found that prism correction reduced FD (i.e., measured by the Saladin card and 
the Sheedy disparometer). Furthermore, the correlation between stereoacuity and FD using the 
Sheedy disparometer and the Saladin Card was not significant. For associated phoria, baseline 
stereoacuity without prism was not correlated to associated phoria at far. Thus, we propose that 
the degraded stereoacuity in our study was due to VV that was induced by the conflict between 
the vergence and focal distances. 
We hypothesized that our findings are different from previous studies because these studies 
did not meet our paradigm. This paradigm was that an accommodative-vergence mismatch can 
reduce stereoacuity, and is dependent on a combination of two factors, the first of which is an 
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accommodative-vergence mismatch, and the second of which is the duration of fusion under this 
mismatch. However, these assumptions might only apply to acute and artificial visual stress. 
We suggest that subjectively comfortable prism can be alternative treatment for binocular 
vision anomalies. Future studies are needed to avoid the previous confounders and to study the 
correlation between stereoacuity, VV, and the conflict between the vergence and accommodative 
demand in symptomatic patients. This will allow for the refinement of the methodology of 
associated phorometry, and make it more clinically useful. 
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Appendix (A) 
 
Associated Phorometry Technique (Associated Vergence Test) for Prescribing Prisms at 
Distance of 40 cm 
The autophoropter held the participants’ habitual spectacles and auxiliary lenses, if any, during 
associated vergence test. The procedures of the test were performed as follows: 
1. Each participant in group and A and B was asked to fixate at a vertical row of letters that 
was presented on the near chart mounted at 40 cm (i.e., at 10 feet or group B) from the 
autophoropter. 
2. The examiner instructed each participant to report when he saw double vision, while the 
examiner was inducing horizontal prisms starting with base-in prisms (BI) in each eye. 
3. The power of BI was increased simultaneously in both eyes until the participant saw 
double. The examiner recorded the minimum amount of BI that induced diplopia (called 
the first horizontal break). For example, let us say the total power was 10^ BI, so each eye 
had 5^ BI.  
4.  After recording the first horizontal break, the power of BI was reduced simultaneously in 
both eyes until the participant saw double again. If BI reached zero and the participant still 
saw singly, the examiner started to induce horizontal base-out prisms (BO) in each eye 
until the participant saw double. The examiner recorded minimum amount of BO that 
induced diplopia (called the second horizontal break). For example, let us say the total 
power was 6^ BO, in which case each eye had 3^ prism BO.  
5. The examiner added the first horizontal break (e.g., 10^ BI) and second horizontal break 
(e.g., 6^ BO) together. After that, he divided their sum by two to get the midpoint of the 
prisms (e.g., 16^/2=8 that was 8 steps away from 10^ BI and 8 steps away from 6^ BO; as 
a result, the value of the midpoint in prism was 2^ BI).  
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6. The examiner adjusted the horizontal prisms so that both eyes had the same amount of 
prisms (i.e., each eye had ½ midpoint). For example, the midpoint was 2^ BI in which each 
eye had 1 BI. 
7. The examiner replaced the vertical row of letters with horizontal row of letters. After 
instructing the participant to fixate at the horizontal row of letters, the examiner asked the 
participant to report when he saw double vision while the examiner was inducing vertical 
prisms starting with base-up prisms (BU) in the right eye and base-down prisms (BD) in 
the left eye. The horizontal prisms were in the phoropter while adjusting the vertical prisms. 
8. The power of the BU/BD was increased simultaneously in both eyes until the participant 
saw double. The examiner recorded the minimum amount of BU/BD that induced diplopia 
(called the first vertical break). For example: let us say the total power was 8^ BU/BD in 
which case, the right eye had 4^ BU and the left eye had 4^ BD).  
9. After recording first vertical break, the power of the BU/BD was reduced simultaneously 
in both eyes until the participant saw single vision. The examiner continued to decrease the 
BU/BD until the participant reported that he saw double. When the examiner reached zero 
BU/BD and the participant still saw single, the examiner started to induce BD in the right 
eye BU in the left eye until the participant saw double . The examiner recorded minimum 
amount of BD/BU that induced double vision (i.e., called Second Vertical Break). For 
example: let us say the total power was 4^ BD/BU in which case the right eye had 2^ BD 
and the left eye had 2^ BU). 
10. The examiner added the first vertical break (e.g., 8^ BU/ BD) and second vertical break 
(e.g., 4^ BD/BU). After that, he divided their sum by two to get the midpoint (e.g., 12^/2= 
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6 that was 6 steps away from 8^ BU/BD and 6 steps away from 4^ BD/BU; as a result, the 
value of the midpoint was 2 BU/BD). 
11. The examiner adjusted the vertical prisms so that both eyes had the same amount of prism 
where their sum was equal to the amount of the midpoint (i.e., the midpoint was 2^ BU/BD 
in which right eye had 1 BU and left eye had 1 BD. 
12. The initial results of the horizontal prism correction and vertical prism correction (e.g., 2^ 
BI and 2^ BU/BD) were subjectively refined using a forced-choice technique to best visual 
acuity and comfort. 
13. The participant was asked to fixate on a chart to measure the quality of the near VA while 
the participant was looking through his habitual glasses, auxiliary lenses, and initial prism 
corrections, if any. 
14. The examiner started refining the horizontal prisms of both eyes simultaneously. The 
examiner binocularly increased and decreased the horizontal prisms while encouraging the 
participant to report “which lens was better, 1, 2, etc.?” The goal was to increased clarity 
of the threshold Snellen letters with the most visual comfort or least visual discomfort. The 
examiner repeated this procedure until the participant got his best vision. This step used 
the forced-choice technique. 
15.  After the examiner refined the horizontal prisms of both eyes, he refined the vertical 
prisms of both eyes simultaneously. The examiner increased and decreased the vertical 
prisms while encouraging the participant to report “which lens was better, 1, 2, etc.?” The 
examiner repeated this procedure until the participant got his best vision. 
16. The examiner again refined the horizontal prisms of both eyes simultaneously using the 
forced-choice technique.  
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17. The refined vertical and horizontal prisms were the minimum prisms that resulted in most 
visual comfort and best binocular VA. These prisms were used to correct FD and to 
improve stereopsis. 
Data of Participant No. 21: 
 
Figure 16: The procedure of associated phorometry was performed, as follows: Blue cross (BO= +22) and red cross 
(BI=-19) represent the horizontal break points, while the green cross (+2) represents the midpoint of the horizontal 
break points (the blue and the red crosses). Blue circles (BU/BD= +3) and red circles (BD/BU=-3) represent the 
vertical break points, while the green circle (zero) represents the midpoint of the vertical points (blue and red circles). 
The yellow triangle (+6) represents the prism corrections that was given to a participant using associated vergence 
test. Positive and negative signs in the horizontal axis represents BO and BI, respectively, while positive and negative 
signs in the vertical axis represents BU/BD and BD /BU, respectively. 
-5
-4
-3
-2
-1
0
1
2
3
4
5
-25 -20 -15 -10 -5 0 5 10 15 20 25
V
e
rt
ic
al
 p
ri
sm
s
Horizontal Prisms in p.d
Associated Phorometery (Associated Vernece Test)
